6.--Active-channel width near gaging station C9442695, 21 Negro Canyon at Aragon, N. Mex. Features that define the reference width vary with location and stream type. A discussion is given of the features that were used in measuring reference widths.
The relation between the magnitude of floods of various frequencies and the reference width and main-channel slope was reliable with a standard error of about 65 percent for most of the areas of the State; however, no reliable relation could be found for many stream channels in a large area of southeastern New Mexico, and it is recommended that the relation not be used in that area. The reasons for this difficulty is believed to be due to recent channel entrenchment in the area.
INTRODUCTION
It has been known for many years that stream morphology is a function of geology, topography, and climate. Generalizations drawn from these relations form many of the principles of geomorphology. What is less certain is whether these principles can be quantified and applied to discrete areas of only a few square miles or square kilometres. There are many skeptics such as Thornbury (1958, p. 14) who warn, "It is indeed questionable whether the many variable factors which are involved in the origin of complex landscapes can ever be reduced to mathematical equations"; and to reinforce this opinion he adds that of Baulig, "The laws of geomorphology are complex, relative, and rarely susceptible of numerical expression." Despite these wise and well intentioned warnings there are compelling reasons for attempting to quantify geomorphology. The utility and economy of bridge, dam, and urban designs are greatly dependent upon the reliability of predicted magnitudes and probability of occurrence of floods. If some method can be devised for estimating these values by quantifying geomorphology, the results may be worth the professional risk. This paper presents a series of mathematical relations in which various geomorphic variables are quantified to give estimates of the magnitudes and recurrence intervals of floods in the state of New Mexico.
The specific objective of this study was to measure channel widths (W) and cross-sectional mean depths (d) and relate these measured variables mathematically to the magnitude of floods of various recurrence intervals (Q ). t A previous analysis (Scott, 1971 ) related flood-flow characteristics to physical and climatic basin characteristics measured from available topographic maps. However, the reliability of these relations is low. Investigations by Moore (1968) in Nevada, by Hedman (1970) in California, and by Hedman and Kastner (1972) in Kansas have shown the feasibility of estimating the mean-flow magnitude from the width and average depth measured at cross sections between depositional bars in the stream channel. Other investigations by Fields (1974) in Utah, by Redman and others (1974) in Kansas, by Hedman and others (1972) in Colorado, by Moore (1974) in Nevada, and Riggs (1974) have shown the feasibility of relating flood-flow magnitude to channel features.
This report was prepared in cooperation with the New Mexico State Highway Department and the Federal Highway Administration. The opinions, findings, and conclusions are those of the author and not necessarily those of the cooperating agencies.
DATA USED

Streamflow data
Data from 79 gaging stations were used in these analyses. Stations were selected which would provide estimates of floods of a 10-year recurrence interval and at which channel-geometry could be adequately measured in.the field. The locations of these stations is shown in figure 1.
The discharges for recurrence intervals of 2, 5, 10, 25, and 50 years were determined for each station by the log-Pearson Type III method (Water Resources Council, 1967) and are shown in table 1 where appropriate. Adjustment to log-Pearson curves for some stations was made on the basis of historical data or "data outliers." The estimated longterm recurrence interval values for some stations with short records were used collectively for this statistical analysis but should not be used individually.
Channel measurements
Reaches of streams at which channel measurements were to be, made were selected• to conform as closely as possible to the following Criteria:
(1) Channel shape should be uniform throughout, (2) The bed and banks should be of a material that has permitted the channel to develop into a normal size and shape for the flow regimen.
(3) Channel banks should appear to have been permanent for some years.
Based upon these criteria channels which contained bedrock in the bed or banks, which were entirely vegetated--such as grassy swales subject to headcutting and braided channels--were eliminated from consideration. Additionally, channels on streams which were subject to significant regulation were not considered.
The channel feature used to determine widths and depths for this investigation was the "active channel." This feature is described by Hedman and others (1974, p. 3-6) Glenwood, NM "The active channel is the lower portion of the channel entrenchment in the flood plain that is actively involved in the transportation of water and sediment during the usual regimen of a stream. Depositional features within the active channel are altered and shifted regularly during the normal fluctuation of streamflow. Beyond the boundaries of the active channel, the geomorphic features are relatively permanent and generally are vegetated. The sides of the active channel occur as steeply sloping banks in straight reaches and as stabilized point bars on the inside or convex side of a channel bend. The reference point used in measuring the geometry of the active channel is selected at the upper edge of the banks or point bars where they abruptly change to a flatter slope. This reference point is above and shoreward from the reference point defined by the lowest channel bars. Annual vegetation generally is present above the reference point and can often be used as a clue in identifying this point. However, judgment is required in using the vegetation line a-s a guide. In regions where high flows are infrequent, some grasses and sedges may grow part of the way down the banks or even into the water. On the other hand, in extremely arid regions the banks may be completely devoid of vegetation."
Because of the diversity of stream-channel morphology in New Mexico, it is to be expected that the features forming the active channels will vary with location and even with flow regimen.
The features given by Redman and others (op. cit.) are shown in figure 2 and these features were used when they were present. If these features or others subsequently described were present on both sides of the channel, the measurement of a reference width and mean depth was simple. A tape measure or tagline was stretched across the active channel, the width was recorded, and the mean depth was calculated a § the average of depths at about 10 equidistant intervals. If there was a distinguishing feature on one side of the channel but none on the other side, and a more suitable reach was not discovered, the tape or tagline was set at the top of the distinguishing feature and stretched level across the channel to the point of intersection with the channel bank. It should be noted that selection of the active-channel reference point requires training and experience.
Within a selected reach measurements were made, if possible, at two or three cross sections located a stream width apart and then the results averaged.
The average width and depth measured near each gaging station are shown in table 1.
At some sites there were successive sets of lateral bars that might be used for defining the active channel, and this situation posed the question of which set should be used. This question was usually resolved by arbitrarily picking the lowest prominent set. In most of these cases, the selection of other sets would have greatly changed the measured mean depth, but would have had relatively little effect upon the value of the reference width. 17 (Modified from Hedman and others, 1974.) 13
The active channel was defined frequently by a more or less smooth line of vegetation on one or both sides; and more often than not, this line conformed with the edge of a lateral channel bar. At mountainous or foothill sites the channels were often floored with cobbles or boulders, and if the boulders were not greater in diameter than about 10 percent of the width of the channel, they presented no difficulty in defining reference channel widths. At several such sites the edge of the active channel was defined by a difference in the amount of scouring between cobbles or boulders. Both conditions existed. At places, the active channel contained more fine material than the edges, and at other places it contained less of this than the edges. Generally, these edges also had other distinctive features such as vegetation or raised lateral bars.
A few arroyos had none of the distinctive features which were used for defining the active channel; and with few exceptions, these channels were entrenched within nearly vertical banks of alluvium. The channel floors were composed mostly of sand or silt better sorted than the material forming the arroyo walls. At these sites the active channel was measured as the distance between arroyo walls and at a height generally less than 1 foot (0.3 m) above the channel floor.
Some channels containing perennial streams provided an active controversy on the definition of the active channel. Most of the confusion caused at these sites was due to the formation of wide pools between relatively narrow reaches of moving water. At many sites on perennial streams it was decided that the waters edges defined the active channel, but in general higher features were used for this reference.
Photographs of active channels measured at sites in New Mexico are shown in figures 3 through 6. These sites are not typical of all streams in New Mexico but were chosen because of the clarity of the photographs in illustrating the channel features which define the active-channel width.
METHOD OF ANALYSIS AND RESULTS
Each of the flood discharges of a given recurrence interval was relations to channel and basin characteristics by using step-backward multiple-regression techniques. Computations were made by use of a digital computer. The resulting equation has the form Q = aW , where "Q " is a flood discharge of "t" recurrence interval, t W is channl width, "a" is the regression constant, and "b" is a regression exponent. A summary of the regression equations is shown in table 2. Mean depth was not found to be statistically significant at the 1-percent level in these relations. Table 3 shows a comparison of the results of a regression analysis utilizing basin characteristics (Scott, 1971 ) and the results of this investigation. It should be noted that the basin characteristics can all be determined from maps, whereas the channel characteristics must be measured in the field. Also the standard errors of the two sets of relations are not directly comparable because of errors in the dependent variables.
These relations may be used to estimate floods of a given recurrence interval. For example:
The flood discharge with a 50-year recurrence interval, (Q50), is desired for a site in New Mexico. Stream morphology is diverse in New Mexico because of the great variety of bedrock, the large range in annual precipitation, intensity of precipitation, topography, and many other related factors. Extremely youthful stream channels appear to be the rule and mature channels are rare. There are large areas, particularly in the northeast, where the absence or sparcity of stream channels is puzzling, Many investigators have studied the causes of this phenomenon, and the suggested reasons range from cyclic climatic changes, overgrazing, and recent uplifting, to the drainage of alluvial aquifers. Most of these problems were recognized at the outset of this study, and for this reason the writers often worked with more skepticism than enthusiasm.
When the data of this study were analyzed and the residuals of the multiple-regression equations were plotted on a map, there was a statistical bias for many stream channels in the southeast. These data were reanalyzed separately and the results showed no statistical relation between W and Q.
The characteristics common to the channels in this area were that they were all deeply entrenched in alluvium and the reference widths were generally narrower than expected from the average regional relation between W and Q . In general, the reliability of this relation worsened t with the depth of entrenchment. This suggests that entrenched channels should be separately classed for studies of this type and that some additional channel parameter should be included in the multiple regression relation. Entrenched alluvial channels are usually recognizable because of their near vertical banks, and in extreme cases the depth of the banks are approximately equal to the width. Even to the untrained eye they appear to be only a temporary compromise with nature.
Many of these entrenched channels have formed on flat alluvial valleys where it is possible to measure or estimate the depth of entrenchment. It was suspected that if this parameter is measured or estimated and used in a multiple regression equation either independently or as a product of the depth of entrenchment times the reference width, a reliable relation between the channel geometry and the magnitude of floods of various recurrence intervals could be obtained. However, when the depth-of-entrenchment parameter was used, no statistically significant relation was defined. Because of this, the relations developed for the rest of New Mexico should not be used in this area as shown on figure 1. However, the relations may be used in the higher mountainous area of this region as shown on figure 1.
The fact that channel geometry did not provide satisfactory estimates of Q in a large area of southeastern New Mexico is puzzling. t One reason may be the occurrence of channel entrenchment; however, the problem must be more complex and involve other factors because many entrenched channels elsewhere in the State do not pose the same problem. Additional or alternate factors that may be related to the poorly defined relationship were studies.
It is well known that the moisture in most of the large storms originates in the Gulf of Mexico and that this source of moisture is less important in storms for most other areas of New Mexico. Summer and autumn thunderstorms probably are heavier and more intense than in other mountainous areas (Miller and others, 1973) and this is reflected in the magnitudes of floods of various recurrences. We know of no evidence, however, that these large storms are increasing in either magnitude of precipitation or frequency of recurrence. Bachman (1974, p. 65) writes that the water levels of many playas of the area are much lower than formerly, suggesting a trend toward a drier climate.
It was reasoned that if the problem is not due to climatic changes, it might be related to geological factors. The geology of this area has been intensely studied and many features are known to have affected stream entrenchment. Some large faults have been active until at. least Pleistocene time, and there are several pediments and terraces that have been cut by the Pecos River at later times. The Pecos River valley is known to be subsiding due to solution collapse but Bachman (1974, p. 71) estimates the subsidence at Nash Draw, one area that is subsiding most rapidly, at about 1 centimetre per century.
When these geological factors were analyzed it was decided that all were insufficient to account for the rapid alluvial entrenchment. Attention was then focused on the possibility that the phenomenon was due to civilized man's activities.
For various reasons civilization came late to this area. According to Fulton (1954, p. 176-182) , the first permanent settlements were made during the construction of Fort Stanton (1855-56), and thereafter civilization expanded rapidly. Gold was discovered at Baxters Mountain in 1878 and within a few years the town of White Oaks was founded and grew to a population of more than 2,000. Placer gold was mined in the alluvium of arroyos in the Jicarilla Mountains (Griswold 1964, p. 148) , and perhaps the alluvium of other stream channels was explored for this commodity.
Throughout much of this area the only water supply available to early settlers was from streams and the associated perched alluvial aquifers, and it is supposed that this supply was heavily utilized for domestic, industrial, and agricultural purposes. The amount of available water was never great and the heavy exploitation must have greatly and rapidly depleted the alluvial aquifers.
According to Renick (1926, p. 131 ) one reach of the Rio PeVasco, now entrenched, was formerly a swamp that was deliberately trenched to obtain a water supply. Recent entrenchment of alluvial channels in the southwestern part of New Mexico is described by Trauger (1972, p. 45) who noted that the entrenchment was accompanied by a lowering of the water table in alluvial aquifers: no data were available for these entrenched streams described by Trauger.
It was noted during this study that stream entrenchment was often in areas where alluvial aquifers have been heavily utilized, or where the normal base flow which contributes recharge to the aquifers has been utilized. Either situation can lead to the dewatering of perched alluvial aquifers and, once dewatered, erosion can proceed rapidly.
